The existing literature on skill-biased technical change has not considered how the technological endowment itself plays a role in the returns to skill. This paper constructs a simple model of skill biased technical change which highlights the role that resource endowments play in the returns to education. The model predicts variation in returns to education with skill biased technological change if there is significant heterogeneity in resource endowments before the technological change. Using a variety of historical sources, we document the heterogeneous technology levels by region in the American past. We then estimate the returns to education of high school teachers in the early twentieth century using a new data source. a report from the U.S. Commissioner of Education in 1909. Overall, we find significant regional variation in the returns to education that match differences in resource endowments, with large (within-occupation) returns for the Midwest and Southwest (7%), but much lower returns in the South (3%) and West (0.5%). We also show that our results are generalizable to returns to education in the United States and that returns to education for teachers tracked quite closely with the overall returns to education from 1940 onward.
Introduction
Research on skill biased technical change (SBTC) has given rise to a new literature linking education, technology, and economic growth. The consensus now is that high rates of return to education at the beginning of the century signaled the end of the period of early industrialization where raw materials and unskilled labor substituted easily for skilled labor (Goldin and Katz 1998) . With the use of new large-scale processing technologies and the increasing electri…cation of the industrial workplace, the returns to education increased dramatically in the early years of the last century. Goldin and Katz (1999, 2000) used the Iowa state Census of 1915 to sketch out the returns to education in the early twentieth century, and a new view of U-shaped returns to education over the twentieth century has emerged. Returns declined with the advent of the high school movement in the 1920s and 1930s (Goldin and Katz 1995) , perhaps intensi…ed by the wage controls used in the second World War (Goldin and Margo 1992) , and rose again in the second half of the century.
At the same time, there is a growing body of contemporary evidence that factor endowments play a role in the returns to skill. Comin, Hobijn, and Rovito (2007) have shown that technological lags between countries are large and they are correlated across technologies, consistent with the idea that regions are at the forefront or backwater of technological change broadly and not only in selected areas. Autor, Levy and Murname (2003) show that adoption of PCs increased the skill demands for the same occupations over time, leading to increasing returns to education. Abowd, et al. (2007) have shown that …rms that use the most sophisticated technology employ more skilled workers, and this also suggest that the geographic location of …rms will not be uniform but itself may be a function of the level of skill in the local labor market. Beaudry, Doms, and Lewis (2006) show that cities with larger supplies of skilled labor adopted PCs more quickly than others, and that this caused the increase in returns to skill to be greatest for cities that adopted PC more aggressively. Overall, there is now strong evidence that technological di¤erences and di¤erences in factor endowments such as capital and skilled labor play a large role in how SBTC e¤ects the labor market and technology adoption (Caselli and Coleman 2006) . The open question is how (or if) these endowments played a role in previous waves of SBTC, such as the United States at the turn of the last century.
When one takes regional heterogeneity of factor endowments into account there are very good reasons to believe that the Northeast and Midwest had U-shaped returns to education but that other regions of the country had steadily increasing returns to education over the twentieth century.
First, available large-scale processing technologies that led to the rise in the returns to education did not di¤use evenly across the United States. The industrial states of the Northeast and Midwest had larger concentrations of such industries than the South and West. The South and West employed older-technology industries for the most part (including traditional agriculture), and it is therefore unlikely that the returns to education in those regions would be large in the early twentieth century.
Similarly, the increasing technological sophistication of agriculture, which led states like Iowa to invest heavily in education, was largely a phenomena of the Midwest and Northeast. The South was still able to exploit its large supply of unskilled labor, and the West had a relative abundance of raw materials but a scarcity of labor. In general, potential correlates and precursors of high rates of return to education were not evenly distributed across the U.S. at the start of the last century.
Not only would changes in demand for skill have varied across regions, but the relative supply of skilled workers was also variable across regions. Investment in education and infrastructure more generally varied considerably, and the high school movement that came later di¤used unevenly as well. In the South and Southwest in 1910, high school graduation rates were only four percent, while they were triple that in the Midwest and Paci…c Coast, and still higher in New England (Goldin 1999 ). Finally, the transportation and information technologies at the beginning of the twentieth century were not uniform, and as such the …rst half of the twentieth century saw a signi…cant integration of regional and local labor markets into a national market, spurred not only by wage controls, but also by the national minimum wage, which spurred capital investment in Southern agriculture (Wright 1987 , Mitchener and McLean 1999 .
In light of the historical fact of regional heterogeneity and the contemporary evidence about the role of factor endowments in SBTC, this paper asks the following question: To what extent did di¤erences in factor endowments e¤ect the return to skill during the …rst era of skill biased technical change? Indeed, it may well be true that existing factor endowments played a large role in the adoption of new technology, and as such SBTC would have been a function of pre-existing conditions. Even more, any discussion of the technology-skill complementarity in American history should take into account the regional di¤erences in the American economy in the early twentieth century. Doing so highlights the importance of the educational and capital endowments in the early stages of SBTC, and provides a strong link between the SBTC literature and contemporary studies of local and regional labor markets. This is especially important for policies in both large cities and for developing countries since di¤erences in factor endowments may require different short-term responses to skill-biased technological change. We formally develop the idea of capital-complementing skill-biased technical change in a simple two-sector model and show that the initial level of capital is an important piece of the returns to education relationship. The model shows that capital-rich markets should experience the largest increase in returns to education and complementing this, skill-rich markets will have the largest increases in the returns to capital.
In describing the origins of SBTC, the rates of return to education in the early twentieth century reported by Goldin and Katz has been limited to a single state, which may have been a relative outlier for that time. What was lacking was a data source that would allow us to estimate the returns to education by region, to see if signi…cant di¤erences existed and to measure the magnitude of those di¤erences. In this paper we use a new data source, a report from the U.S. Commissioner of Education in 1909, to estimate the returns to education of high school teachers in the early twentieth century. Our data list not only the education and earnings of the teachers individually for a number of di¤erent states, but also includes actual years of experience in the teaching profession, allowing us to estimate the returns to schooling while controlling for experience directly. 1 More importantly, the data was gathered in a systematic fashion, allowing us to estimate the returns to education by region without the additional complication of di¤erences in data quality and reliability. These returns are for a single occupation -the absolute levels may understate returns generally, since one of the important gains of schooling comes from enabling workers to choose higher paid occupations.
Nonetheless, secondary teachers returns are of interest since they likely re ‡ect the rising demand for high school education relative to the current stock of high school educated workers (the pool of potential teachers). That is, rising demand for high school education creates a derived demand for educated teachers. Overall, we …nd signi…cant regional variation in the returns to education, with large returns congruent to Goldin and Katz's estimates for the Midwest (7%), but substantially lower returns in the South (3%) and West (0.5%).
In considering the generalizability of our main …nding, we uncover several facts which strengthen our conclusion. The geographical patterns we …nd hold for male teachers and for less experienced teachers, for whom outside options may be more relevant and may therefore be more closely connected to the wider labor market. We further …nd that teachers'returns to education are indicative of overall returns to education. We use IPUMS returns to show that the returns to education for teachers track quite closely with the overall returns to education from 1940 onward. We also show that the returns to education for the states in our historical data track well with national returns over this later period.
The paper proceeds as follows. The next section reviews the facts about regional economic heterogeneity at the beginning of the twentieth century and presents our two sector model which highlights variation in returns to education at the start of skill biased technical change. The third section presents the empirical results, which are based on the 1909 Commissioner of Education Report. They show that there was signi…cant regional variation in the returns to education in the early twentieth century. The fourth section addresses the robustness and extensions of the empirical results. The …nal section concludes.
Skill, Technology, and the Returns to Education
The existing explanation for the trend in returns to education has not acknowledged, for the most part, the substantial variation in the preconditions for the rise in the returns to education. There are two ways in which the existing theory should be modi…ed to …t the regional histories of the United States. First, the di¤erences in the resource and capital endowments in di¤erent regions of the country must be accounted for. Second, the preconditions for increasing returns to education, as required by the theory, must be reconciled with the historical record. Below, we sketch out these two issues, presenting evidence of signi…cant variation in education and other factor endowments by region and augmenting the theory of skill biased technical change to yield predictions of the returns to education for di¤erent regions of the United States at the beginning of the twentieth century.
The Historical Record
The di¤erences in the factor endowments in di¤erent regions of the U.S. in the early twentieth century is well known. Capital development in South, from the end of the Civil War to at least World War I, was rather ine¢ cient (Davis 1965 , Sylla 1969 , Wright 1987 , Ransom and Sutch 2001 , and …nancial institutions in the South were not structured in the same way as those in the Northeast and Midwest, with Southern banks much smaller than the national average and with higher interest rates in the South. This is important to the extent that capital markets in the U.S. were segmented in the early twentieth century. The South did not have as many capital intensive industries as the Northeast and Midwest at the beginning of the twentieth century, and North (1961) has argued that the South did not re-invest the gains made from its productive agricultural sector. Similarly, the South, with its sharecropping system and Jim Crow legislation, had a large supply of unskilled labor of both races (Ransom and Sutch 2001, Collins 1997) . Furthermore, black unskilled labor was locked in the South by the large ‡ows of immigrants from Europe and racial discrimination in non-farm employment in the U.S. in general (Collins 1997) . The West, with its relatively sparse population, had an abundant resource endowment that was only beginning to be exploited in the early twentieth century (Nelson and Wright 1992) . In general, this implies that the trade o¤s where raw materials and unskilled labor substituted for skilled labor would have been more prevalent in the South and West since they had an abundance of the former.
The historical record also tells us that the processes that led to the increasing returns to education were less prevalent in the South and West. Given the South's low levels of capital intensity and warm climate, there were relatively few of the new large-scale processing technologies highlighted by Goldin and Katz (1998) in the South and West at the end of the nineteenth century. As Wright (1987) has shown, the South was simply not in a position to industrialize (beyond the harvesting of raw materials) in any large extent before the …rst World War. A possible exception would be textiles, an older industry that had permeated the South before the early twentieth century, which was bolstered by cheap Southern (low-skilled) labor, and would later exceed its northern competition (Carlson 1981 , Wright 1981 . Similarly, the South's agriculture, with its dependence on labor-intensive work, was not as sophisticated as the agriculture of the Northeast and Midwest, nor the cattle ranching seen in the West. Indeed, Goldin and Sokolo¤ (1984) have argued that indus-trialization …rst appeared in the Northeast and Midwest because of the crops grown there, which led to agricultural technology that made women relatively less productive than men in agriculture.
In terms of the educational structures necessary to see large returns to education develop, Goldin and Katz (1998) have shown that large investments in education took place most successfully in homogeneous populations. As such, racial diversity in the South would have caused lower investments in schooling, and it is certainly true that low investments in education left large portions of the southern workforce relatively unskilled at the turn of the last century (Margo 1990 ). 2 There is also research that details the extent to which the labor market in the United States was fragmented in the late nineteenth and early twentieth centuries. Rosenbloom (1990 Rosenbloom ( , 1996 has shown that the labor market in the early years of the twentieth century was fragmented, and NorthSouth di¤erentials in wages suggest that a national labor market did not exist before the …rst World War. While it is not true that every locality had its own independent labor market, it is true that the South and North had di¤erent labor markets that were not fully integrated to any large degree until after the …rst World War. Wright (1987) contends that the Southern labor market was not integrated until the New Deal forced the South to invest in capital for the agricultural sector, and that the South was …nally brought into the rest of the national labor market by the end of the second World War.
Measuring the Historical Factor Endowments
The literature suggest that there are educational and technological factors related to the returns to education in the early twentieth century. 3 Skill-biased technologies were associated with capital intensity. If a region had a relatively high educational levels and small amounts of capital, we would expect relatively low returns to education. If a region had low educational levels and relatively large amounts of capital, we would expect for the returns to education to be high. 4 But how can we measure the factor endowment, and was there heterogeneity in the factor endowment by region in the late nineteenth and early twentieth century? To answer these questions we …rst look at estimates of labor productivity and then assemble evidence from the Historical Statistics of the United States, historical Statistical Abstracts of the United States, and the Census of Manufactures to measure di¤erences in factor endowments by region from the late nineteenth to early twentieth century. Educational factors include the general education level of the population in a particular region, investments in education, and school enrollment rates as they would be evidence that a particular region would have the skill in the workforce to readily adopt to new technologies. We also measure proxies for the importance of new skill-intensive technologies, including the capital stock, both in manufacturing and agriculture, the use of various sources of power, the share of the labor force employed in manufacturing, and evidence of technology adoption more generally.
Beginning with estimates of labor productivity, Table 1 shows estimates of price adjusted income per worker by region and for individual states from 1880 to 1920. 5 The regional heterogeneity in labor productivity was large, with the West far ahead of the rest of the nation while the South lagged behind. In the bottom panel of Table 1 we show estimates of labor productivity for the states in our historical data and their geographic neighbors. The results show that estimates for individual states are fairly representative for their region; they are close to the estimates for their neighbors and the growth over the 1880 to 1920 period for individual states varies at the regional level.
While these labor productivity estimates establish regional heterogeneity in labor productivity, and support the assertion that regional labor markets were substantially segmented, they do not tell us about regional heterogeneity in factor endowments themselves. For example, states with a signi…cant percentage of the labor force in mining have a higher level of labor productivity. Mitchener and McLean (2003) note that this is likely due to both the large natural resource endowment in the West and its relative labor scarcity. A priori, returns to education in the West may have been particularly low due to the high wages commanded by unskilled workers, or they could be high because of the technology used to extract these resources. Similarly, these trends in labor productivity tell us little about how labor productivity (price-adjusted income per worker) varied with changes in the educational, capital and resource endowments. Since these estimates of labor productivity are themselves a function of the factor endowments, we must turn to more direct measures to gauge the extent of heterogeneity in educational and non-labor endowments in the American past. Tables 2 and 3 summarize these educational and non-labor factors. for all states, partly driven by a decrease in the number of establishments, but an outlier in this factor is Texas, which sees a signi…cant increase in the amount of capital per establishment.
As we noted earlier, the story of skill biased technical change supposes a displacement of the old technology for the new, skill complementing technology, and Table 3B presents These di¤erences carried over into the early twentieth century. Table 3C presents All told, the evidence in Tables 1 and 2 show that there were marked di¤erences in the factors related to the returns to education in the early twentieth century. Although we argue that these di¤erences can allow us to crudely group states by their factor endowments and use of technologies, it is important to note that this evidence is suggestive. We do not argue here that every measure should agree with our general assertions about the regional di¤erences in the supply and demand for skill, and we would be surprised if they did. For example, Lamoreaux and Sokolo¤ (2000) show that during the late nineteenth century there began to be a divide geographic divide between the centers of invention and the centers of production in some respects. All of the evidence presented here, however, is more consistent with the proposition of regional heterogeneity than homogeneity, and agrees with our general point about signi…cant regional variation in the educational and technological endowments.
These regional di¤erences do not …t well into a monolithic model of skill-biased technical change and U-shaped returns to education over the twentieth century. The Midwestern states appear to have large endowments of capital and education, and prominent use of capital-intensive, frontier technologies, while Georgia has a relatively little capital for frontier technologies and low levels of education. California and Texas, however, are more di¢ cult to classify. Relative to each other, California has a larger educational endowment than Texas (and every other state, for that matter), but technologically the two states are roughly similar and are close to one another on most ordinal ranking of the technology indicators in Table 3 . While some regions fall easily into a set that would yield predictions about the returns to education, direct estimates of the returns to education are necessary for regions with indeterminate predictions for the returns to education based on their endowments. 6 Overall, there is striking heterogeneity in the factors and proxies related to the return to education. A movement towards new capital and skill-intensive processing technologies would not have the same e¤ect on the relatively unindustrialized South as it would on the Midwest. Similarly, one would predict that, given di¤erences in their educational endowments, skill-biased technological change would have a di¤erent impact in California as opposed to Texas. 7 Given these regional di¤erences in factor endowments at the beginning of the twentieth century, we would expect skill biased technical change to produce regional di¤erences in returns to education in the early twentieth century. Below, we present a simple model that captures features of the technology-skill story in a two-sector model, to highlight the importance of factor endowments in explaining returns to education with SBTC.
A Model of Skill Biased Technical Change with Heterogeneous Endowments
Assume initially that there are two sectors of production, a land-dependent sector, t (for traditional agriculture) and a capital-dependent sector o (for old capital-dependent sector). 8 The two sectors use skilled and unskilled labor together with either capital K or land T to produce output:
We model each region as a small open economy that takes the relative price of output in each sector as given, but has its own factor markets. We normalize this relative price of output to one. High-and low-skilled labor are mobile across sectors, and so in equilibrium they each get paid their marginal product and these wages are equalized across sectors. Solving the equilibrium labor allocation and wages is straightforward: in equilibrium, the fraction of high-skilled workers employed in the capital-dependent sector is increasing in the capital/land ratio, and equal to the fraction of low-skilled workers employed:
The expressions show that the fraction of workers employed in industry is increasing in the capital/land ratio, and the relative wage of high-skilled workers is decreasing in their relative abundance.
(The tildas signify the initial equilibrium.) Assumption (A1) assures that high-skilled workers are scarce enough to earn a premium over low-skilled workers:
Now consider the introduction of a new capital-dependent sector (n):
Since capital is now mobile across the two capital-dependent sectors, the capital constraint becomes:
The new capital intensive sector di¤ers from the old sector in that it is more skilled labor-intensive.
Mathematically, this assumption is expressed:
This assumption captures the skill-biased nature of the new technology.
We show that if the new capital-intensive technology is a large enough improvement over the old technology, the new equilibrium has the following characteristics.
Proposition 1 Given (A1)-(A2), if the productivity of the new technology is su¢ ciently large, the new capital-intensive sector displaces the old capital-intensive sector, and the new capital-intensive technology sector employs a higher fraction of high-skilled workers than low-skilled workers. That is,
given the same level of productivity, the number of high-skilled employed in the new capital-intensive technology exceeds the number of high skilled previously employed in the old capital-intensive technology. The relative wage of high-skilled workers also exceeds the previous relative wage. That is,
Furthermore, if the productivity is even larger, the number of low-skilled workers in the new capitalintensive technology exceeds the number employed in the old capital-intensive technology. In particular,
Proposition 3 Given (A1)-(A2), the higher the capital/land ratio, the higher the fraction of highskilled and low-skilled workers employed in the new capital-intensive technology and the higher the relative wage of high-skilled workers. That is,
Proposition 4 Given (A1)-(A2), the introduction of the new technology raises the return to capital relative to land. Furthermore, the higher the high-skilled/low-skilled labor ratio, the larger is this increase in the relative rental rate of capital.
Proof. See appendix.
Together Propositions 1 and 2 show that the model replicates the story of Goldin and Katz (1998) . That is, the new capital-dependent sector expands, increasing the relative demand for skilled workers and also their relative wage. If the new technology is a dramatic enough advance it furthers industrialization-displacing the old technology and even employing more unskilled workers than the old technology. 9 This is the standard skill-biased technical change story.
Proposition 3 has strong implications that predict higher returns and more labor employed in the new technology in areas with high relative endowments of capital. Thus, there will be variation in the returns to education that go hand-in-hand with the nature and extent of industrialization before the technological change. The result is entirely intuitive-the region that is technologically backward sees little increase in the returns to education because the technological change is skill intensive, but the backwards region has little of either the old or new capital-intensive technologies.
In order for batch processing and electri…cation to induce high returns to education, there had to be industries that could implement and successfully take advantage of the new technologies. In other words, displacement of old technology will not result in increased returns to education if there is not a signi…cant amount of old technology to be replaced. Proposition 3 highlights the role that the technological endowment has with the return to education. If a region did not have the infrastructure or extensive industry before the di¤usion of skill intensive technologies, it would not lead to large returns to education in that region. Proposition 3 therefore provides us with the central test of the theory in the next section.
Finally, Proposition 4 shows how the new technologies increased the incentives to invest in physical capital, especially in areas with high levels of human capital. The new technology increases the return to capital, and the increases will be larger the larger the educational endowment. The model therefore o¤ers an explanation for increased levels of industrialization experienced in the …rst half of the century, but faster industrialization in the Northeast, Midwest and West (where schooling levels were high) than in the South, where they were lower.
Derived Demand and Teachers'Relative Wages
Ideally, we would like to test these implications directly using economy wide wage data. Unfortunately, such data is not readily available. We show that reasonable assumptions translate the relative wages of workers overall into relative wages of high-and low-skilled teachers through the derived demand for education and ultimately teachers. We model a schooling sector, and allow students to decide whether to become high-or low-skilled. Let h and l denote the number who become high-and low-skilled, respectively, which are produced using high-and low-skilled workers:
The following proposition delineates three assumptions for the above predictions regarding relative wages in the economy overall to also hold for relative wages in the schooling sector.
Proposition 5 Assume:
(i) the relative supply of high-skilled teachers is increasing in the relative supply of high-skilled workers in the overall labor force, i.e., @(Hs=Ls) @(H=L) > 0; (ii) the relative student demand for high-vs. low-skilled educations is increasing in the relative wage to high-skilled workers, i.e., @(h=l) @(w h =w l ) > 0; (iii) the production of high-skilled education is more intensive in high-skilled teachers than the lowskilled education, i.e., H h =L h > H l =L l . Then the relative wage of high-skilled teachers increases, and increases more the higher the capital to land ratio:
Given the assumptions in Proposition 5, the predictions for relative wage overall in Propositions 2 and 3 also hold for the relative wage of teachers. Intuitively, increasing returns to skill (which are a function of the factor endowments) lead to increasing demand for education. Since the type of education demanded is intensive in high-skilled individuals, the returns to education for teachers of high level skills will mirror the returns to skill more generally. We turn now to the data on teacher's earnings.
3 The Returns to Education in the Early 20th Century
Data
We estimate the returns to education with a new and unique data source, a 1909 report from the U.S. Commissioner of Education which allows us to estimate the returns to education of secondary teachers in the early twentieth century by region. The data come from a report prepared for then U.S. Commissioner of Education Elmer Ellsworth Brown on the labor force of teachers. The report, entitled "The Teaching Sta¤ of Secondary Schools in the United States" by Edward L. Thorndike was the …rst report in a …ve-year, …ve-report plan to collect data on secondary education (the other four focused on the student body, curriculum, …nances, and special education, respectively).
Thorndike spent a large part of his professional life researching features of secondary education, many of which have implications for the issues analyzed here.
As noted elsewhere (Goldin and Katz 1995) the rise of the high school movement in the United
States was changing the relationship between schooling and wages in the early twentieth century. Thorndike (1922) notes that the number of students enrolled in high school in 1918 was more than six times greater than the number enrolled in 1890. Similarly, while only ten percent of teenagers continued on to high school in 1890, more than thirty percent did by 1920. These changes in high school enrollment changed the high school curriculum and the requirements one had to meet to become a teacher. 10 Thorndike and Robinson (1923) show that the homogenized training of high school students that was the norm in the late nineteenth century had given way to a curriculum that emphasized science and mathematics at the expense of English literature and Latin. In addition to a di¤erent focus, the high school curriculum was now highly specialized, the expansion of the curriculum meant that students were rarely taking identical courses of study, a common feature in modern high school education. Thorndike and Symonds (1922) saw these changes as altering the returns to skill for high school graduates, but that demand for high school education would remain strong.
It seems unlikely that the enviable status shown for graduates in 1892 to 1901 in respect to occupations can be fully maintained now and in the future. To maintain it would require that the favored occupations be practically closed to all but high school graduates. This may perhaps be taking place. The supply of high school graduates is increasing so fast that any profession or reputable semi-profession may demand such. Even if it is not fully maintained-indeed, even if there is a considerable movement downward-the high school graduates will still have noteably high occupation status; the correlation between amount of education and dignity of occupation will still be close. (Thorndike and Symonds, p. 451)
These changes in the function and curriculum of high schools had implications for teachers, and they mirrored the changes in the larger labor market. Teachers themselves were now more specialized than before. Thorndike (1923) found that in a survey of teachers own interest in academic subjects that teachers themselves preferred courses with "modern" content such as science and mathematics to literature. He also noted that there were signi…cant age di¤erences in these academic interests. Older teachers, who themselves had been trained in "traditional" high schools, were more interested in Latin and English literature, while young teachers expressed strong interest in physical and biological sciences. As students in high schools sought out these "modern" subjects more than "traditional" ones, the returns to education for teachers will re ‡ect both derived demand for skill and the same market forces that were operating in the labor market more generally.
The report we use was designed to uncover the relationship between experience, education, and wages among high school teachers. It presents tabulated data on the (i) income, (ii) experience, The data were collected using a two-part survey sent by the O¢ ce of Education to administrators for a sample of secondary schools. The …rst survey collected the salaries, years of secondary and post-secondary education, and actual years of experience of all teachers in the schools surveyed.
The fact that years of experience are directly reported is a major strength of the data, since imputed "potential years of experience" (i.e., the traditional age years of schooling 6) can diverge strongly from actual experience. This is particularly true for women, who are not as closely tied to the labor force and who constituted a signi…cant share of secondary school teachers at the time. 11 The second survey was a follow up survey sent with the intent of measuring any biases or measurement error in years of education (e.g., adding in primary schooling) and experience (e.g., reporting years of service at the particular school surveyed). Thorndike spent a great deal of e¤ort discussing potential sources of measurement error and trying to quantify or minimize them. The second survey showed that the larger initial survey did not su¤er from any aggregate biases. The data we use comes from the …rst survey.
In general, the data appear to be of extremely high quality. For example, Thorndike mentions that income may vary somewhat due to varying lengths of the school year, such that low salaries in the South are partially explained by shorter school years. The data would nonetheless re ‡ect the actual income received. Thorndike also mentioned that private schools who underpay may feel pressure to overestimate their incomes. For years of education, the distinction between secondary and post-secondary education was not always clear, but this will not a¤ect our results since we look only at the sum of these two. For experience, Thorndike mentioned a tendency to report roughly and to include the current year of service.
Unfortunately, we do not have the original survey returns, only the processed data from the report. We focus on two sets of tables (Tables 7-10 Second, average salary levels vary greatly, both between men and women and across states.
Summary Analysis
For example, men in California earn about three times what women in Georgia earn. Salaries in California are substantially higher (roughly $300/year or 35% higher) than in Georgia and the Midwest states, while those in Texas are signi…cantly lower (about $100/year or 12%). Again, these wage patterns are in line with the patterns in output per worker, indicating that schooling wages re ‡ected broader labor market conditions. As expected, women earn lower salaries in all 1 2 Thorndike explained that the data were calculated together because the data were similar. 1 3 All data from the tables was entered twice, in separate …les, to assure accurtate data entry. The use of tabulated data does introduce additional sources of measurement error in the data as both income and experience are grouped into small ranges. Neither of these should substantially change our estimates of the returns to education, and indeed replicating the corresponding groupings in the U.S. census data does not alter the results substantially.
states with the largest di¤erence in Georgia and the smallest di¤erences in the Midwestern states.
Beyond gender discrimination, a possible reason for this male wage premium is that a signi…cant number of male secondary teachers performed a dual role of teacher and administrator. Thorndike notes this fact in his report, although we cannot distinguish in the data which teachers were also administrators.
Third, teachers average between 8.2 and 9.6 years of experience, with male teachers having on average 2.0 to 3.6 more years of experience. The additional years of experience may also be related to the previously-mentioned dual teacher-administrator role that males often play. Thus, experience levels were not particularly high, and there were likely many teachers with limited occupation speci…c on-the-job training, who may have entertained options in the broader labor market. Finally, it should be noted that secondary teaching is a mixed-gender occupation. For the sample overall about half (…fty …ve percent) of the teachers are men. In the Southern states of Georgia and Texas, this is closer to 2/3 of teachers, while in California women constitute 2/3 of secondary school teachers in the data. Again, male teachers likely had more options for work outside of teaching.
Regional Variation in the Returns to Education
We estimate the returns to education using a standard Mincerian regression
where w is the wage of a person with s years of schooling, x years of experience, and gender g. Table 5 presents the regression results for each of the states. The estimates show considerable geographic variation in the Mincerian return to schooling. 14 The three Midwestern states and Texas had high returns, 7.0 and 7.1 percent, respectively. Recall that the Midwestern states had high levels of industry, and so likely rapidly rising demand for skill, while Texas had a small educational endowment relative to its technological endowment. In contrast, the returns are much lower in Georgia and especially California. The return in Georgia is just 3.3 percent which is signi…cantly di¤erent from the returns in Texas and the Midwest states, despite the smaller sample size in Georgia and the consequently larger standard error. This suggest that the low supply of educated labor and low demand for skill in Georgia combined to yield low returns to education. The return in California is a miniscule 0.5 percent and not statistically signi…cant. Recall that California teachers averaged 1.2 more years of education than teachers in the other states, and that California had a large educational endowment relative to its technological endowment.
As described in the previous section, the individual data for Illinois, Ohio and Wisconsin is pooled together. We do, however, have data on median incomes (by sex, education, and experience) separately for each of these three states. Regressions can therefore be run separately using medianlevel data for these three as a way to disaggregate the returns to education estimates. A key question in interpreting this data is the extent to which estimates from median-level regressions are comparable to individual-level regression results. To answer this question, we construct comparable median-level data for the states that have individual data and compare regression results. If the estimates for the returns to education are similar in the median and individual regressions, then we would surmise that median regressions for the individual Midwestern states will give us reliable estimates of the returns to education for each Midwestern state. Table 6 shows that median regressions do in fact express much of the same information about returns to schooling that individual-regressions do and the qualitative interpretations remain the same. Focusing on the schooling coe¢ cients, Mincerian returns are low in California and Georgia, and relatively high elsewhere. 15 We conclude that the qualitative patterns in the median-level estimates are strongly indicative of patterns in the individual-level estimates. As such, we believe that estimates for the return to education for each Midwestern sate will not be biased by the median representation of the data.
The median level estimates are presented separately for Illinois, Ohio and Wisconsin in Table   7 . The main lesson from Table 7 are that wage returns to schooling found in the Midwest using the individual-level data do not appear to be at the same high level across all three states. Mincerian returns are high in Illinois and Ohio, but much lower in Wisconsin. These lower Mincerian returns 1 5 Focusing on the constant term results, we see that constant terms are somewhat higher in the median regressions. The di¤erence in levels is not surprising since the individual-and median-level regressions weight individuals di¤erently; the median regressions give each experience-education cell equal weight, while the individual data use the weights in the sample population. The patterns by sex across states also match up well. The one exception is that returns are typically lower for women in the median-level estimates and slightly higher for men.
are accompanied by higher wage levels in Wisconsin, as evidence by the signi…cantly larger intercept.
Thus, even amongst similar states in the same geographic region, there appear to be important di¤erences in the returns to schooling.
Overall, there is substantial variation in the returns to education for these secondary teachers in 1909. The variation is consistent with the theory described in the previous section. As predicted, the returns to education vary with the factor endowments. The Midwest, with its large endowment of education, but also large and growing levels of capital and capital-intensive, skill-complementary technologies, had high returns to education. The South, with its small factor endowments, had low returns to education. California and Texas had similar levels of capital and capital-intensive technologies, but California had a much larger educational endowment. Consistent with a relative oversupply of skill, the relatively large educational endowment in California yields low returns to education, and the small educational endowment yields higher returns in Texas. 16 If these returns to education are indicative of general returns to education for these regions the theory of U-shaped returns to education over the twentieth century would have to be augmented to re ‡ect this regional heterogeneity. In the next section we consider the generalizability and robustness of the results presented in this section.
Extensions and Implications

Robustness
It is important to establish, …rst, that the returns reported above re ‡ect the return to education across region and not another measure that varies by region such as teacher salary. While Goldin and Katz (2003) have ruled out compulsory schooling and child labor laws as sources of such di¤erences, we must address the question of whether the returns to education for teachers re ‡ect broader market conditions and not only the market for teachers. If the returns simply re ‡ected salary di¤erences by region for teachers, we would not predict the very low returns in California given the substantially higher salaries in that state. Similarly, the high returns in Texas would not be consistent with the low salaries in that state and the similar years of schooling in Texas and in the Midwestern states. We believe that the extent to which the returns to education vary across regions in ways that are not predicted by the summary statistics in Table 4 establishes that the returns reported here are indeed estimates of the return to education and not simply teacher salary variation across states.
We have argued that the geographic variation uncovered in teacher's returns to schooling is indicative of variation in returns in the overall labor force. We use two checks to test the robustness of this assumption. First, we estimate the returns for men only. We divide the sample by gender for two reasons. First, women teachers may have had fewer outside options in the broader labor market. Competition for their services may not have been strong enough for teacher's returns to re ‡ect returns overall. Men would have been more integrated into the market, however, and would have had fewer restrictions placed on their supply of labor. Secondly, Carter and Savoca (1991) have suggested that di¤erent levels of education and wages by gender were due to the fact that women were expected to be less attached to the labor market than males, making it unwise to invest heavily in education and lowering the wages that they received in the labor market. Although this point is related to the …rst, it also suggest that the education of women in teaching occupations would be di¤erent from those of men, which was shown earlier. To the extent that variation in schooling identi…es the returns to education in a Mincerian regression, separating the sample by gender would tell us if the total returns were biased. Second, we estimate the returns for teachers with few years of experience. We focus on teachers with little experience because these teachers would presumably have invested less in teacher-speci…c human capital, and so would hold relatively more general human capital for potential use in the broader labor market. As we noted earlier, younger teachers were more likely to be skilled in science and mathematics, and thus were di¤erent in training and orientation than older teachers.
The general idea is that the returns to education for teachers with more experience in teaching may not re ‡ect labor market conditions as much as they would re ‡ect occupation or …rm-speci…c investments or skills. We also posit that teachers with less experience also have more and varied outside options. We take "little experience" to be …ve years or less in the teaching profession.
Considering that teachers in the sample averaged more than eight years of experience, this cuto¤ certainly captures the less experienced teachers while at the same time being a large enough sample to yield robust estimates of the returns to education for the group of teachers with the least attachment to the profession. Table 8 shows that the pattern in overall returns shows up in men's returns as well (despite the fact that women were an important fraction of teachers) and in returns for the young. The returns in California and Georgia are low, while those in the Midwest and Texas were high. These results further support the contention that our estimates of the return to education do not simply re ‡ect regional salary di¤erentials. The returns for men in Georgia would be higher than those in Table 8 if their high salaries and the same average schooling, as reported in Table 4 , were used to predict the return to education. Overall, the results of Table 8 give us further con…dence that the geographic variation in teachers'returns to schooling re ‡ect geographic variation in schooling returns of the workforce overall.
Generalizability and Secular Implications
Applying the evidence for secondary teachers to our story of relative endowments in the overall economy raises the question of whether these estimated returns to education are informative about the returns to education in the labor force overall. Speci…cally, does variation in teachers'returns to education track with the variation in returns to education of the overall labor force? What can these data tell us about the overall returns to schooling in 1909 relative to 1940? To answer these questions we must look at comparisons of teachers with workers more generally in the U.S. We use IPUMS census data to con…rm the relationship between teacher's returns and overall returns over time, and then compare our 1909 results with later results. One caveat is that the census occupational code for teachers includes all teachers (except for professors/instructors and music, dance or art teachers), and not just secondary teachers. To the extent that education selects people into higher paying secondary school teaching, the IPUMS data will overstate the return to schooling within secondary education and thus exceed our estimates. Figure 1 answers the question about secular variation, showing that the relationship between teachers'returns and overall returns is strong over time. The four di¤erent series represent teachers' returns for the states we examine, teachers'returns for all states, overall returns for the states we examine, and overall returns for the nation as a whole. Again the number of teachers in the sample states is relatively few (especially in the 1950 census), so we present robust regression results. 17 All 1 7 Robust regressions incorporate a recursive algorithm for reweighting observations that downweights outliers that four series move substantially together with a mid-century decline followed by rising returns. Indeed, the results for all workers across the nation and all workers in the sample states are nearly identical.
While the estimates of teachers'returns in the sample states have perhaps the weakest relationship with overall returns across the nation, the relationship is still quite strong. The correlation between the two series is 0.81 and a regression of overall returns on teachers'returns in the sample states explains 66 percent of the variation in overall returns. We therefore again conclude that comparing teachers'returns over time can give us a strong indication of patterns in overall returns over time. Table 9 Secondary teachers tend to be more educated and substantially better paid. To the extent that schooling enables teachers to sort into higher paying secondary education jobs, the 1940 estimates have too strong an in ‡uence on regression results. Robust regressions produced substantially lower estimates than OLS in 1950 (0.075 vs. 0.096), but otherwise similar results. Robust regression also has little e¤ect on the 1909 sample estimates. would be biased upward as an estimate of the return to education of secondary teachers.
Conclusion
We have presented evidence that di¤erential factor endowments and prevalence of technologies are important parts of the story of how skill biased technical change the returns to education. In our model of skill biased technical change, we showed how returns to education vary with factor endowments. We have argued that the shape of these changes over time will be related to factor endowments before the skill-biased technical change. Our model predicted that regions with greater degrees of capital intensity would experience higher returns to education than those with less capital intensive endowments. With skill biased technical change, we should expect U-shaped returns in regions with large capital endowments, but steadily increasing returns in regions with relatively small capital endowments.
We have shown, using historical evidence on the returns to education for secondary teachers in the U.S., that the returns to education showed marked geographic variation. Our data on the returns to skill for secondary teachers in the very earliest part of the twentieth century is consistent with our theoretical predictions. Teachers in the Midwest had greater returns to education than those in the South. Furthermore, we found that this result is robust -the returns to teachers tracks with the returns to skill more generally, and our result was robust to considering only men and younger teachers. In sum, we …nd strong evidence that returns to education were large in 1909 in the Midwest, consistent with Goldin and Katz, but that they may have varied considerably across states. As such, the study of U-shaped returns to education should be modi…ed to re ‡ect the fact that returns for some regions would rise continuously throughout the twentieth century.
The variation in returns to education has important implications for the study of the returns to skill more generally, and for education and immigration policies in many developing nations in particular. Rather than states or regions of one nation, our model easily generalizes up to di¤erent nations or down to individual cities with su¢ ciently segmented factor markets, where locations with large capital endowments will see large returns to education, while those with relatively small capital endowments will see small returns initially. For example, Uwaifo (2006) notes considerable debate over the size and shape of returns to education in Sub-Saharan Africa, with most anecdotal evidence pointing to low returns. Her estimates of the return to education in Nigeria in the 1990s (3.6%) are similar to the returns we found in Georgia in 1909. Our results suggest that while skill biased technological change will eventually lead to universal large returns to skill in the long run as markets integrate and capital intensity di¤uses, in the short run locations with relatively small capital endowments may see negligible returns to education. This has important implications for immigration, emigration, and urban policies in locations with small factor endowments -to create incentives for the high-skilled workforce to remain when the returns to education are low at home, but large in other parts of the world.
Appendix
Proof of Proposition 1:
A) Proving K n = K Since the land-intensive technology and the old capital-intensive technologies have the same factor shares, it can be readily shown that they will always employ the same ratio of inputs. It is also trivial to show that K n; H n and L n are increasing in A: Thus, A can be derived as the level that equates the marginal return to capital in the new capital-intensive technology when all capital is employed in that sector (i.e., K n = K) to the marginal return to land in the land-intensive sector (which equals the potential marginal return to capital in the old capital-intensive sector):
Solving for
For all levels higher than A , R K;n (A ) =R K;o (A ) and so K n = K. 
B. Proving
Dividing the two equations by each other yields:
But > , by assumption.
Proof of Proposition 2
Again, one can trivially show that H n is increasing in A, so it su¢ ces to show that at A = A , H n > H o . We prove equivalently that f H >f H . Consider the …rst order conditions above. Dividing the top by the bottom yields and expression for which we de…ne an implicit function:
It is trivial to show that @g 1 =@f H < 0 and @g 1 =@f L < 0. Since f L < f H , it su¢ ces to show that
We prove by contradiction assume:
It is trivial to show that both H n and L n are increasing in A: We show that H n + L n <H o +L o for A = A and then deriveÂ.
Assume A = A and L n >L o . By construction at A ; the marginal product of capital and land are equated, as are the marginal product of low skilled workers:
Dividing these two expressions by each other yields:
The expressions can be solved for f L and f H: . Now we start with the assumption:
We now deriveÂ by assuming:f
and solving for the impliedÂ. The …rst order conditions for high and low skilled labor again yield the following expression:
Substitutingf L andf H into the …rst order condition on high-skilled labor, we solve forÂ:
Proof of Proposition 3
The relative wage equals the ratio of the marginal products in agriculture, which can be simpli…ed to:
so we proceed by showing that 
To simplify presentation, we change notation to work directly with the fractions of labor in agriculture, a f L 1 f L and a f H 1 f H , and use the implicit function de…ned by the log of the …rst-order conditions for comparative statics
Now solving the …rst order conditions for the change d log a f H and d log a f L as log (K=T ) yields the following system of equations:
De…ning the 2 by 2 matrix as M . Given a f L > a f H (which follows immediately from Proposition 1), we show after algebraic simpli…cation that that the determinant of M is positive:
Applying Cramer's rule, we show that the resulting solutions are therefore negative:
and the di¤erence between the …rst exceeds the second:
Proof of Proposition 4
The fact that
follows directly from Proposition 1: We know thatR K R T = 1, and from the proof in Proposition 1, we show that R K > R T . We show now that the relative return to capital and labor is increasing in H=L:
Proof of Proposition 5
Given condition (iii), the e¤ect of (h=l) on w h =w l follows from the Stolper-Samuelson Theorem. Mitchener and McLean (1999) . For the methodology used to estimate the percent of the labor force in mining and the percent of cotton mechanicaly harvested see the appendix of Mitchener and McLean (2003) .
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